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Arg and c-Abl represent the mammalian members of 
the Abelson family of protein- tyrosine kinases. A novel 
ArgfAbl-binding protein, ArgBP2, was isolated using a 
segment of the Arg COOH- terminal domain as bait in the 
yeast two-hybrid system. ArgBP2 contains three COOH- 
terminal Src homology 3 domains, a serine/threonine- 
rich domain, and several potential Abl phosphorylation 
sites. ArgBP2 associates with and is a substrate of Arg 
and v-Abl, and is phosphorylated on tyrosine in v-Abl- 
transformed cells. ArgBP2 is widely expressed in human 
tissues and extremely abundant in heart. In epithelial 
cells ArgBP2 is located in stress fibers and the nucleus, 
similar to the reported localization of c-Abl. In cardiac 
muscle cells ArgBP2 is located in the Z-disks of sarcom- 
eres. These observations suggest that ArgBP2 functions 
as an adapter protein to assemble signaling complexes 
in stress fibers, and that ArgBP2 is a potential link be- 
tween Abl family kinases and the actin cytoskeleton. In 
addition, the localization of ArgBP2 to Z-disks suggests 
that ArgBP2 may influence the contractile or elastic 
properties of cardiac sarcomeres and that the Z-disk is a 
target of signal transduction cascades. 



Arg and c-Abl are ubiquitously expressed proteins that rep- 
resent the mammalian members of the Abelson family of non- 
receptor protein- tyrosine kinases (1,2). While the central role 
of the Abl oncoproteins, Gag-Abl and Bcr-Abl, in pre-B lympho- 
mas associated with Abelson murine leukemia virus in mice, 
and chronic myelogenous leukemia and some forms of acute 
lymphocytic leukemia in humans (1), respectively, is well es- 
tablished, the normal functions of Arg and c-Abl are less well 
understood. c-Abl is partially localized in the nucleus (3), and 
biochemical studies have suggested potential roles for the ki- 
nase in cell cycle and transcriptional regulation. c-Abl has been 
reported to bind to DNA (4), is differentially phosphorylated 
during the cell cycle (5), associates with the retinoblastoma 
protein (6), and phosphorylates the COOH- terminal domain of 
RNA polymerase II (7). In agreement with the biochemical 
studies that suggest a nuclear function for c-Abl, overexpres- 
sion of the kinase has been reported to inhibit growth by 
causing cell cycle arrest (8, 9). In addition, a role for c-Abl in the 
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stress response to DNA damage is indicated by the observa- 
tions that it is activated by ionizing radiation and alkylating 
agents, and that c-Abl-deficient cells fail to activate the stress- 
activated protein kinase pathway in response to these agents 
(10, 11). Arg, in contrast to c-Abl, is detected exclusively in the 
cytoplasm when examined by indirect immunofluorescence 
(12), and does not appear to have a nuclear function. 

In addition to nuclear functions, increasing evidence sug- 
gests that c-Abl and Abl oncoproteins may influence the actin 
cytoskeleton. Cytoplasmic c-Abl, and the Bcr-Abl and v-Abl 
oncoproteins, which are exclusively located in the cytoplasm, 
have been reported to be localized in actin cytoskeletal struc- 
tures. c-Abl and Bcr-Abl axe localized in stress fibers (3, 13, 14), 
and Bcr-Abl has been reported to colocalize with focal adhesion 
proteins in a myeloid cell line (15). v-Abl has also been detected 
in focal adhesions (16). Sequences that mediate the association 
of c-Abl and Bcr-Abl with F-actin have been mapped to the 
distal COOH- terminal domain of c-Abl (13, 14). While Arg is 
located in the cytoplasm, it is not detected in stress fibers (12). 
However, the proposed Abl F-actin binding sequences are con- 
served in the Arg COOH-terminal domain, suggesting the pos- 
sibility that it may also associate with actin under certain 
conditions. 

In addition to subcellular localization studies, a role for Abl 
family kinases in actin cytoskeletal events has also been sug- 
gested by reports describing potential interactions between Abl 
and proteins that are associated with cytoskeletal signaling 
cascades. One potential association is plSO 00 *, an SH3-contain- 
ing protein that was originally isolated as a tyrosine-phospho- 
rylated protein in v-Crk- transformed cells (17, 18). pl30"" 
interacts with FAK 1 (19), is localized in focal adhesions (20) 
and is phosphorylated in response to integrin engagement (21), 
suggesting that it is an important component of integrin-me- 
diated cytoskeletal signaling. The observation that pl30 c< " has 
numerous predicted phosphorylation sites for the Abl kinase 
(17) and is an in vitro substrate of Abl (22), and that the v-Crk 
adapter protein associates with Arg and c-Abl (23-25), suggest 
the possibility that Abl family kinases may function as v-Crk 
effectors that phosphorylate pl30 c< " A more direct link be- 
tween Abl family kinases and the actin cytoskeleton has been 
established for Hefl, another SH3-containing protein (26). 
Hefl is structurally related to plSC**", and its function in 
cytoskeletal signaling is indicated by its interaction with FAK, 
the induction of pseudohyphal outgrowth in yeast, and its 
localization in adhesion plaques. Hefl associates with v-Abl in 
cells and is phosphorylated on tyrosine residues in v-Abl-trans- 



1 Hie abbreviations used are: FAK, focal adhesion kinase; SH3, Src 
homology 3; GST, glutathione 5-transfcrase; PCR, polymerase chain 
reaction; PAGE, polyacryl amide gel electrophoresis; PBS, phosphate- 
buffered saline; PBST, PBS/Tween 20; kb, kilobase paiKs). 

This paper is available on line at http://www.jbc.org 



17542 



BNSDOCID; <XP 21 36343 A_l_> 



Arg-binding Protein 2 



17543 



formed fibroblasts. Other potential associations between Abl 
kinases and components of the act in cytoskeleton include the 
focal adhesion proteins FAK, paxillin, vinculin, talin, and ten- 
sin, which have been reported to be constitutively phosphoryl- 
ated on tyrosine residues in Bcr-Abl-transformed myeloid cells 
(15). Finally, 3BP-1, a protein isolated using the Abl SH3 
domain as a probe (27), has been shown to have GTPase- 
activating protein activity for Rac-related small GTP-binding 
proteins that are involved in regulating the actin cytoskeleton 
(28). Although these observations support the idea that c-Abl 
has a role in signaling to the actin cytoskeleton, none of the 
previously implicated proteins have been demonstrated to be 
both localized in stress fibers and to directly association with 
c-Abl. This suggests that Abl family kinases may associate with 
as yet unidentified cytoskeletal proteins. 

In the present study we describe ArgBP2, the second Arg- 
binding protein that we isolated using a segment of the Arg 
COOH-terminal domain as bait in the yeast two-hybrid system. 
ArgBP2 contains three COOH-terminal SH3 domains, several 
potential phosphorylation sites for c-Abl, and a serine/threo- 
nine-rich region. We show that ArgBP2 associates with Arg 
and v-Abl in living cells and that the endogenous ArgBP2 
protein is phosphorylated on tyrosine residues in v-Abl-trans- 
formed NIH3T3 cells. ArgBP2 is widely expressed in human 
tissues and extremely abundant in heart. In epithelial cells 
ArgBP2 is located in stress fibers and the nucleus, similar to 
the reported localization of c-Abl. In cardiac muscle cells 
ArgBP2 is localized in the Z-disks of sarcomeres. Thus, this 
study suggests that ArgBP2 functions as an adapter protein to 
assemble signaling complexes in stress fibers, and that ArgBP2 
is a potential link between Abl family kinases and the actin 
cytoskeleton. In addition, ArgBP2 is the first known component 
of the Z-disk that associates with signaling cascades. The lo- 
calization of ArgBP2 in Z-disks thus suggests that ArgBP2 may 
function to influence the contractile or elastic properties of 
cardiac sarcomeres, and that the Z-disk maybe target of signal 
transduction cascades. 

EXPERIMENTAL PROCEDURES 
Cells and Antibodies— COS and PtK2 cells (a giR of Joseph W. 
Sanger, University of Pennsylvania) were maintained in Dulbecco's 
modified Eagle's medium containing 10% fetal bovine serum. Native 
and v-Abl -transformed N11I3T3 cells were maintained in Dulbecco's 
modified Eagle's medium containing 10% calf serum. Sf9 cells (Phar- 
Mingen) were grown in Grace's medium containing 10% fetal bovine 
serum, 33 mg/ml ycastolate, and 33 mg/ml lactalbumin hydroxylate 
(Life Technologies, Inc.) at 27 °C. Cardio myocytes were obtained from 
7 -day-old chicken embryos and grown on glass coverslips in serum-free 
M199 medium for 2 days prior to analysis by indirect immunofluores- 
cence. ArgBP2 |x>lycIonal antibody was generated by immunizing rab- 
bits with the first SH3 domain of the protein expressed in bacteria as a 
GST fusion protein, and prepared using glutathione-Sepharose beads. 
The polyclonal Arg antibody 0.7CT has been described previously (29). 
An ti-phospho tyrosine antibody was purchased from Transduction Lab- 
oratories, and anti-Myc antibody was purchased from Santa Cruz 
Biotechnology. 

Plasmid Constructions — The bait pi asm id used in the two-hybrid 
screen, pNLex-ArgSH3BR, has been described previously (30). CB6 + - 
ArgBP2A and CB6*-ArgBP2B were prepared by inserting the respec- 
tive coding sequences, whose 5 '-untranslated sequence had been mod- 
ified by truncation and altered such that the sequence immediately 
upstream of the initiation ATG conformed to a Kozak consensus se- 
quence, into the EroRI and Sam HI sites of the cytomegalovirus pro- 
moter-based expression vector CB6* (a gift of Frank Rauscher, Wistar 
Institute). A Myc-tagged ArgBP2 cDNA, pJ3M-Myc-ArgBP2, was con- 
structed by first creating an in- frame EcoR\ site at the second codon and 
a BglW site downstream of the stop codon, and inserting this cDNA into 
the EcoR\ and BglU sites of pJ3M (a gift of Jonathan Cbernoff, Fox 
Chase Cancer Center). DNA fragments encoding each of the ArgBP2 
SH3 domains were generated by PCR and inserted into the EcnR] and 
Bam HI sites of pG EX- 2T (Pharmacia Biotech Inc.). The pGEx plasmids 
containing the Arg SH3 binding sites, pGExABS-1. pGExABS-2, and 



pGExABS-3, and the baculovirus expression vector pWArgIB have 
been described previously (30). pVI J -ArgBP2A was constructed by in- 
serting the ArgBP2A sequence of CB6 4 -ArgBP2A into the EcoRI and 
BglU sites of pVL1393 (PharMingen). All constructs prepared using 
PCR products or double -stranded oligonucleotides were confirmed by 
nucleotide sequence analysis. 

Yeast Tivo- hybrid Screen — A genetic screen using the yeast Iwo- 
hybrid system was performed as described previously (30, 31). The bait 
plasmid, pNLex-ArgSH3BR, was described previously (30), and the 
human brain interaction library was a gift of Roger Brent (Massachu- 
setts General Hospital). The specificity of interaction of candidate plas- 
mids with pNI>exArgSH3BR was tested by relransformation of positive 
clones into yeast harboring either the Arg bait plasmid or several 
unrelated bait plasmids. Nucleotide sequence analysis of cDNA inserts 
was performed using an Applied Biosystems automated sequencer. 

RNA Blot Analysis and cDNA Ubrary Screening— Filters containing 
poly(A) + RNAs prepared from various human tissues (CLONTECH) 
were hybridized with a radiolabeled ArgBP2A probe as described pre- 
viously (30). ArgBP2 cDN A clones were isolated by plaque hybridization 
from a human heart cDNA library (Stratagene) as described previously 
(30). DNA probes were prepared using l 32 PldCTP and a random prim- 
ing kit (Amersham). Filters were preincubated for at least 1 h at 65 °C 
in hybridization solution (80 mM Tris-HCl, pH 8.0, 4 mw EDTA, 0.6 M 
NaCl, 0.1% SDS, 10 x Denhardt's solution, 100 fig/ml denatured 
salmon sperm DNA). The filters were then incubated overnight at 
65 °C with the radiolabeled probe in hybridization solution, washed 
three times with 0.1 x SSC, 0.1% SDS at 65 °C, and analyzed by 
autoradiography. 

In Vitro Binding Assays — Solution binding assays used to analyze 
the interaction of GST fusion proteins with proteins expressed in COS 
or SfD cells were performed as described previously (30). GST fusion 
proteins were expressed in bacteria and purified using glutathione- 
agarose beads. Proteins were expressed in baculovirus or COS cells as 
described previously (30). Binding assays were performed by incubating 
5 pg of GST fusion proteins (conjugated to glutathione-Sepharose 
beads) proteins with lysates of Sf9 cells (100 ^tg) or COS cells (1 mg) in 
500 of lysis buffer (50 mM HEPES, pH 7.4, 150 mM NaCl, 10% 
glycerol, 1% Triton X-100, 1 mM EDTA, 10 mM NaF, 1 mM sodium 
orthovanidate, 1 mM phenylmethylsulfonyl fluoride, 10/xg/ml aprotinin, 
10 jxg/ml leupeptin). Reactions were allowed to proceed for at least 2 h 
at 4 °C with constant rotation. Glutathione-agarose beads (15 fil) (Phar- 
macia) were then added, and the bound proteins were washed four 
times with 1 ml of incubation bufTer (lysis buffer containing 0. 1% Triton 
X-100). Proteins were eluted from the beads with l^aemmli sample 
buffer (32), separated by SDS- PAGE, and detected by immunoblotting 
with appropriate antibodies. 

Trans fection of COS and PtK2 Cells and Infection of Sf9 Cells— COS 
cells were transfected using the DEAE-dextran method as described 
(33). Cells (1.6 x 10 6 ) were seeded in 100-mm dishes and transfected 
the following day with 3 jig of plasmid DNA. After 2.5 h of incubation at 
37 °C, growth medium containing 10% Me 3 SO was added for 1 min. The 
dishes were then washed twice with growth medium and incubated in 
growth medium for 36-60 h. PtK2 cells were transfected using Lipo- 
fectAMINE (Life Technologies, Inc.) according to the specifications of 
the manufacturer. Baculoviruses were obtained by cotransfection of Sf9 
cells with plasmid constructs and gold-baculovirus (PharMingen). Sf9 
cells (2 x 10 6 ) were infected in 60-mm dishes using 50 yA of baculovirus 
stocks and then incubated for 36-60 h. 

Immunoprecipitation and Immunoblot Analysis — Cells were washed 
in ice-cold phosphate-buffered saline (PBS) and lysed in 1 ml of lysis 
buffer. Cell debris was removed by centrifugation at 14,000 rpm for 10 
min at 4 °C. Cell lysate (2 mg for COS cells and 300 for Sf9 cells) was 
incubated for 2 h at 4 °C with 1-3 /d of antiserum or monoclonal 
antibody. For immunoprecipitations using tbe murine monoclonal an- 
tibody, after a 1-h incubation anti-mouse IgG secondary antibody 
(Boeh ringer Mannheim) was added. Protein G-bound Sepharose beads 
(30 jd of a 50% suspension, Pharmacia) were then added, and the 
suspension was incubated at 4 °C for 30 min with constant rotation. The 
beads were then washed four limes with 1 ml of incubation buffer, and 
the proteins were eluted with Laemmli sample buffer. Eluted proteins 
were analyzed by SDS-PAGE and immunoblotting with appropriate 
antibodies. 

For immunoblot analysis, proteins separaLed by SDS-PAGE were 
transferred to nitrocellulose niters. Filters were blocked with PBS, 0.1% 
Tween 20 (PBST) containing 5% nonfat dry milk for 1 h at room 
temperature. After a brief rinse with PBST, the filters were incubated 
with appropriate antibodies in PBST, 1% bovine serum albumin for 1 h. 
The filters were then washed with PBST and incubated with horserad- 
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ish peroxidase -conjugated anti-mouse or an ti- rabbit IgG secondary an- 
tibodies (1:5000 in PBST, 1% bovine serum albumin) for 40 min. The 
filters were washed extensively with PBST followed by PBS and devel- 
oped with an ECL kit (Amersbam). 

Immunofluorescence ~ PtK2 cells were grown on glass coverslips For 
at least 2 days (collagen-coated coverslips were used in experiments to 
detect the endogenous protein). For transfection experiments 1 fig of 
plasm id DNA was used, and the cells were analyzed 2 days later. Cells 
were fixed using PBS, 4% paraformaldehyde (pH 8.0) for 15 min and 
permeabilized with PBS, 0.2% Triton X-100 for 5 min. Chicken cardio- 
myocytes (5 x 10 4 ) were grown on glass coverslips in 3 5 -mm dishes for 
36 h, and fixed and permeabilized at room temperature for 2 min with 
acetonermethanol (1:1). PtK2 cells and cardiomyocytes were then 
washed twice with PBS and incubated for 1 b with 150 ptl of PBS, 1% 
bovine serum albumin, 4% goat serum (PBSBG) containing either pre- 
immune, anti-ArgBP2 polyclonal antibody or anti-Myc monoclonal an- 
tibody at a dilutions of 1:1000. After two washes with PBS, the cells 
were incubated for 1 h with PBSBG containing fluorescein isothiocya- 
nate-conjugated goal anti-rabbit or anti-mouse IgG secondary antibody 
(Vector) (1 :250 dilution) and rhoda mine -conjugated phalloidin (Molec- 
ular Probes) (1:100 dilution). The cells were then washed three times 
with PBS, and the coverslips were mounted on glass slides using 
Vectashield mounting fluid (Vector). Imaging was accomplished using a 
Bio-Rad con focal microscope with a 60 x power lens. 

RESULTS 

Isolation of ArgBP2 Using the Yeast Two-hybrid System — A 
segment of the Arg COOH- terminal domain that contains three 
SH3 binding sites (23) was used as a bait in the yeast two- 
hybrid system to identify Arg-interacting proteins. A human 
brain cDNA library was used in the screen, because Arg is well 
expressed in brain (29) and genetic evidence in Drosophila 
suggests that Abl family kinases may play a role in central 
nervous system development (34). Four clones that specifically 
interacted with the bait were identified. Nucleotide sequence 
analysis revealed that three of the clones contained overlap- 
ping sequences of a cDNA denoted ArgBP2 (Arg-binding pro- 
tein 2). The largest ArgBP2 insert contained a 250-amino acid 
open reading frame, followed by a stop codon and 250 base 
pairs of 3 '-untranslated sequences. Additional cDNA clones 
were isolated from a human heart cDNA library by plaque 
hybridization using an ArgBP2 cDNA insert as the radiola- 
beled probe. Several cDNA clones were characterized and nu- 
cleotide sequence analysis revealed that they represented two 
distinct classes of ArgBP2 cDNAs (Fig. 1). Analysis of one class 
of cDNAs (five clones), designated ArgBP2A, indicated that 
they spanned a total of 5.6 kb. The ArgBP2A sequence encoded 
a predicted protein of 666 amino acids bordered by in-frame 
stop codons, indicating that it represented a full-length open 
reading frame. A second class of cDNAs (two clones), desig- 
nated ArgBP2B, encoded a partial open reading frame of 618 
amino acids followed by a stop codon and 257 base pairs of 
3 '-untranslated sequence. The partial ArgBP2B predicted pro- 
tein, which began at the 27th codon of ArgBP2A, was identical 
to the latter predicted protein over most of its sequences, but 
differed at its mid portion and COOH terminus. To obtain ad- 
ditional 5' sequences of ArgBP2B, a reverse transcription PCR 
approach was employed using a primer located 5' of the up- 
stream in-frame stop codon of ArgBP2A and two nested prim- 
ers located in the unique ArgBP2B midregion. Nucleotide se- 
quence analysis of the PCR product indicated that the amino- 
terminal sequence of ArgBP2B was identical to that of 
ArgBP2A. 

ArgBP2 Encodes a Protein with Multiple SH3 Domains — 
Analysis of the predicted amino acid sequence of ArgBP2A 
revealed several interesting structural features (Fig. 1, A and 
B). The COOH-terminal region of the protein contains three 
SH3 domains (amino acids 436-484, 511-561, and 614-664), 
separated by spacers of 26 and 52 amino acids, respectively. 
Sequences high in proline content are located within the two 
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51 OHPFSPSATS LPXSLNSSTV HOHCTSLOST DTYPQHAQSL DGTTSSCIPL 

101 TBSSCECrVV rVTKAPHYPC ICPVDESGTP TX TRTTVDHP XDfmCIUFKQ 

151 IHKVHIFDDO TDMTKTPYTT KAGXTNPF75 AQSKVAAKTQ TTRPLSK5HS 

301 DS3PHAFKDA SSPVPPPHVP PPVPPXRFRD P.SSTEKBDWD PPDRKVDTTW 

asi FBsrpRsrrc yepckssilo her ptdbiwp ppipuamni ticffselspc 

301 £PPPrrPLDT VODHSSGVFH BRS1.T0SSID R 5 LER PNS5A SKASDFRKRK 

351 ISEPAVGPPJt GLGD03ASRT gPGKVDLP ds S7TLTXSFT5 SSPSSPSRAK 

401 ERESPKSTSS TLlfc NCKSXP RKRBCTPCTE KXPAKAVTDT KAQTSKELSP 

»**| 

4 5] KXGDTVTILR KIDQfOJYfZTE BBGJTVGIFPI STYEK.LTPPE KAOPARPPPP 
501 AQPGEIGEAI ^KYtfTNADTN VTLSLRKGDR VILLKRVDOW WTBCKIPGTH 

sm-, 

551 ROGIFPVSTV EVVKKKTRGA EDYTDPriPE SYSSDRIBSL BSHKPQRPVF 
661 MEHIQCCCE PrjSl LTNYTP RNEDELRLPE SOVIDVMPtC DDCWTVCTSR 
651 RTIFPGTPPG KTVkWl 

C 

275 PPLPTTPTFV PREPGRKPLS SSRLGEVTGS PSPPPRSGAP TPS5RAPALSPTR 327 
641 GTTLT 645 

Fig. 1. Structure and predicted amino acid sequence of 
ArgBP2. A, schematic representation of ArgBP2. Black boxes indicate 
SH3 domains, and the stippled and shaded boxes in the midregion of the 
proteins indicate distinct amino acid sequences. B, predicted amino acid 
sequence of ArgBP2A. The SH3 domains are indicated by horizontal 
arrows* potential Arg/Abl phosphorylation sites are indicated by aster- 
isks y and a serineAhreonine-rich region is boxed. ArgBP2A-specific 
amino acids are underlined. Potential SH3 binding sites (PXXP pep- 
tides) are located at. amino acids 10-13, 213-228, 304 307, 500 503, 
774-777, and 695-698. A potential nuclear localization sequence 
(RKRRK) is located at amino acids 347-351. C, ArgBP2B-spea"fic amino 
acids. ArgBP2B amino acids 275-327 and 641-645 replace 2A amino 
acids 275-302 and 616-666, respectively. PXXP motifs are located in 
the 2B-specific sequence at. amino acids 275-283, 285-288, and 
305 308. 

spacers (PARPPPP and PDPPIP, respectively). These se- 
quences could potentially form turns in the secondary structure 
of the protein that might function to permit simultaneous bind- 
ing of distinct proteins to individual SH3 domains. Comparison 
of the SH3 domains with each other revealed that the first and 
second domains were highly related, sharing 61% amino acid 
identity. In contrast, the third SH3 domain shared only 29% 
and 33% amino acid identity with the first and second SH3 
domains, respectively. Comparison of the ArgBP2 SH3 do- 
mains with those of other proteins proved quite interesting 
(Table I). Among the most highly related SH3 domains were 
those of proteins with functions associated with the cytoskele- 
ton. These proteins included Vav (35, 36), Grb-2 (37), nebulin 
(38), myosin IC (39), ABP-1 (40), and cortactin (41). The 
ArgBP2 SH3 domains were also closely related to SH3 domains 
that we had found previously to bind to the Arg proline-rich 
sequences, including the SH3 domain of ArgBPl/Abi-2, a pro- 
tein isolated with the same bait used in the present study (30), 
and the SH3 domains of the adaptor protein Grb2 (23). These 
observations suggested that ArgBP2 might have a cytoskeletal 
function, and that the Arg proline-rich sequences were specific 
for structurally related SH3 domains. 
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Tabus I 

Similarity of the ArgBP2 SH3 domains to those of other proteins 



ArgBP2 SH3 domain Protein Identity 



% 

SH3-1 Vav (COOH-terminal) 65 

Grb2 (NH 2 - terminal SH3) 51 

Myosin 1C heavy chain 46 

ArgBPl/Abi-2 44 

Lasp-1 44 

Nebulin 43 

p40 p * aar 42 

Grb2 {COOH-terminal SH3) 4 1 

SH3-2 Vav (COOH-terminal) 51 

Vav (NH 2 -terminal) 46 

Grb2 (NH a -terminal SH3) 41 

ArgBPl/Abi-2 39 

Myosin IC heavy chain 37 

p4(K ,w 37 

Nebulin 35 

ABP1 34 

SH3-3 Vav (COOH-terminal) 51 

ArgBPl/Abi-2 47 

Myosin IC heavy chain 45 

HS1 45 

Abi-1 43 

Lasp-1 41 

ABP1 40 

Cortactin 39 



Several other structural features were identified in ArgBP2. 
Five tyrosine residues are located in sequences that conform to 
the suggested consensus peptide for the c-Abl tyrosine kinase 
(YXXP) (42). Four of these tyrosine residues are located in the 
NH 2 - terminal region of the protein, at amino acids 50, 59, 164, 
and 175. The fifth potential phosphorylation site is located in 
the spacer region between the second and third SH3 domains, 
at amino acid 573. The high degree of amino acid identity 
between the Arg and c-Abl tyrosine kinase domains (94% iden- 
tity) (2) suggests that these tyrosine residues might also be 
potential Arg phosphorylation sites. A serine/threonine- rich 
region in ArgBP2 is located just amino-terminal of the SH3 
domains (amino acids 379-413). Serine and threonine residues 
comprise 56% of this stretch of 34 amino acids. A potential 
nuclear localization sequence (RKKRK) is located amino-termi- 
nal of the serine/threonine-rich region, at amino acids 347—351. 
Finally, —10 proline-rich sequences that conform to the PXXP 
motif found in SH3 binding sites (43) are scattered throughout 
the protein, including the previously mentioned proline-rich 
sequences in the SH3 spacer regions. A particularly prominent 
proline-rich sequence is located between amino acids 213-228, 
in which 10 of 16 amino acids are proline residues. Data base 
comparison indicated that a 150-amino acid peptide isolated 
from gall bladder (44) is 92% identical to ArgBP2 amino acids 
136-274. 

The ArgBP2B coding sequence differed from that of 2 A in 
two regions. A 28-amino acid stretch of ArgBP2A (amino acids 
275-302) is replaced in 2B by a distinct 53-amino acid sequence 
(2B amino acids 275-327, Fig. lO that is highly rich in proline 
residues (28%). Several PXXP motifs are found in this se- 
quence. In addition, the COOH-terminal sequences of 
ArgBP2A that encode nearly the entire third SH3 domain 
(amino acids 616-666) is replaced in 2B by 5 distinct amino 
acids (2B amino acids 641-545). The presence of distinct 2B 
sequences in the midportion of the protein was confirmed by a 
reverse transcription PCR approach using a 3' primer located 
in the sequence encoding the first SH3 domain and a 5' primer 
located just upstream of the unique midportion sequences. Two 
size classes of PCR fragments were obtained using cDNA pre- 
pared from human heart as template. Nucleotide sequence 
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Fig. 2. Analysis of the mechanism of ArgBP2 binding to Arg. A, 

analysis of ArgBP2 SH3 domain binding to Arg. Lysates prepared from 
Sf9 cells infected with an ArglB baculovirus were incubated with 
ArgBP2 SH3 domains expressed as GST fusion proteins or control GST 
protein. Bound proteins were eluted and analyzed by 6% SDS-PAGE 
and immunoblotting with anti-Arg antibody. The arrow indicates the 
position of ArglB. £, analysis of Arg proline-rich motif binding to 
ArgBP2A. Lysates prepared from COS cells transfected with pJ3M- 
Myc-ArgBP2A (lane /) were incubated with GST (lane 2) or Arg SH3 
binding sites expressed as GST fusion proteins (lanes 3-5). Bound 
proteins were eluted, separated by 8% SDS-PAGE, and immunoblotted 
with anti-Myc antibody. The open arrotv indicates the position of 
Myc ArgBP2A 

analysis of the two PCR products revealed the expected 2 A and 
2B sequences, confirming that 2A and 2B represent distinct 
transcripts. 

The ArgBP2 SH3 Domains Have Distinct Specificities for the 
Arg Proline-rich Motifs — The molecular basis of the ArgBP2 
interaction with Arg was examined in detail. We first deter- 
mined which of the three ArgBP2A SH3 domains bind to Arg. 
One of the three original activation domain fused ArgBP2A 
clones contained all three COOH-terminal SH3 domains, 
whereas two other clones were truncated at their amino ter- 
mini such that they contained only the third or second and 
third SH3 domains. Since all three clones interacted with the 
Arg bait, we concluded that at least the third SH3 domain 
binds to Arg proline-rich sequences. To confirm that the third 
SH3 domain mediates binding and to determine if other SH3 
domains also bind, each of the three SH3 domains was ex- 
pressed in bacteria as GST fusion proteins and used in in vitro 
binding experiments. Lysates prepared from Sf9 cells infected 
with an Arg IB recombinant baculovirus was incubated with 
each of the three GST-SH3 fusion proteins conjugated to glu- 
tathione-Sepharose beads, and bound Arg was detected by im- 
munoblotting with anti-Arg antibody. As shown in Fig. 2A, 
ArglB binding was readily detected for the first and third 
ArgBP2 SH3 domains, whereas only very modest binding was 
detected for the second ArgBP2 SH3 domain. 

We next determined which of the three Arg proline-rich 
regions binds to the ArgBP2 SH3 domains. A Myc epitope tag 
was fused to the ArgBP2 amino terminus, and Myc-ArgBP2A 
was expressed in COS cells. Lysates prepared from the trans- 
fected COS cells were incubated with each of the three Arg 
SH3-binding sites expressed in bacteria as GST fusion pro- 
teins, and bound Myc-ArgBP2A was detected by immunoblot- 
ting with anti-Myc antibody. Myc-ArgBP2A migrated with an 
apparent molecular mass of 88 kDa, slightly larger than the 
calculated size of —75 kDa (Pig. 22?, lane 1) (a minor degrada- 
tion product is also seen). As shown in Pig. 2B, binding of 
Myc-ArgBP2A was detected for the second Arg SH3 binding 
site, but not for the first or third sites. Together these experi- 
ments indicate that the second proline-rich motif of Arg binds 
to the first and third ArgBP2 SH3 domains. A region in the 
c-Abl COOH-terminal domain, whose location is analogous to 
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Fig. 3. Artf and v-Abl associate with and phosphorylate 
ArgBP2 in living cells. A, association of ArgBP2 with Arg and v-Abl. 
Left panel, inrmunoprecipitates were prepared from lysaies of Sf9 cells 
infected with ArgIB (lane 1) or ArgIB and ArgBP2A baculoviruses 
(lanes 2 and 3) and analyzed by SDS-PAGE and immunoblotting with 
anti-Arg antibody. Right panel, immunoprecipitates were prepared 
from Sf9 cells infected with v-Abl (lane 4) or v-Abl and ArgBP2A 
baculoviruses (lanes 5 and 6) and analyzed by 6% SDS-PAGE and 
immunoblotting with anti-Abl antibody. The open and closed arrows 
indicate the positions of ArgIB and v-Abl, respectively. The positions of 
prestained molecular size markers are shown to the right. B, phospho- 
rylation of ArgBP2A by ArgIB and v-Abl. Lysates prepared from Sf9 
cells infected with ArgBP2A (lanes J), ArgBP2A and ArgIB (lanes 2), or 
ArgBP2A and v-Abl baculoviruses (lanes 3) were analyzed by $% SDS- 
PAGE and immunoblotting with either an ti-ArgBP2 (left) or anti-TyKP) 
antibodies (right). The positions of ArgBP2A, ArgIB, and v-Abl are 
indicated. The positions of prestained molecular size markers are 
shown to the right. 

that of the Arg SH3 binding region, also harbors three con- 
served SH3 binding sites that are nearly identical to those of 
the Arg (25). Similar to Arg, when each of the three c-Abl 
proline-rich sequences were analyzed for binding to ArgBP2, 
binding was only detected for the second SH3 binding site (data 
not shown). 

Arg and v-Abl Associate with and Phosphorylate ArgBP2 in 
Living Cells — The association of ArgBP2A with Arg in living 
cells was examined in coinfected Sf9 cells. As shown in Fig. 3A 
(left), ArgIB was readily detected in anti-ArgBP2 immunopre- 
cipitates prepared from cells coinfected with ArgBP2A and 
ArgIB baculoviruses, but not in cells infected with ArgIB bacu- 
lovirus alone. Similarly, the v-Abl oncoprotein was detected in 
anti-ArgBP2 immunoprecipitates prepared from Sf9 cells coin- 
fected with ArgBP2A and v-Abl baculoviruses, but not in cells 
infected with a v-Abl baculovirus alone (Fig. 3A, right). These 
experiments indicated that the full-length ArgBP2A protein 
interacts with Arg and v-Abl in living cells. Although this 
interaction was readily detectable in cells that overexpress Abl 
family kinases and ArgBP2, we were unable to detect the 
association in native mammalian cells, possibly owing to the 




Blot aArgBP2 aPTyr 

Fig, 4. ArgBP2 is phosphorylated on tyrosine in v-Abl- trans- 
formed NIH3T3 cells. Lysates (2 mg> prepared from control NIH3T3 
cells (lanes 1 and 3) or v-Abl -transformed NIH3T3 cells (lanes 2 and 4) 
cells were incubated with 2 pi of anti-ArgBP2 antibody, and immuno- 
complexes were precipitated with Gamma -bind protein G -agarose 
beads. The immunopreci pita ted proteins were resolved by 8% SDS- 
PAGE, transferred to nitrocellulose membrane, and immunoblotted 
with either anti-ArgBP2 (left) or anti-Tyr<P) (right) antibodies. The 
positions of ArgBP2 and IgG are indicated by arrows. The positions of 
prestained molecular size markers are shown to the right. 

very low levels of Arg and c-Abl proteins in the cell and limi- 
tations in our immunological reagents. 

In view of the presence in ArgBP2 of potential Arg/Abl phos- 
phorylation sites, the possibility that ArgBP2 is a substrate of 
Abl family kinases was also examined. Lysates prepared from 
S£9 cells infected with an ArgBP2A baculovirus alone, or coin- 
fected with ArgBP2A and Arg or v-Abl baculoviruses, were 
analyzed by immunoblotting with either anti-ArgBP2 or anti- 
Tyr(P) antibodies- As shown in Pig. 3B (left), ArgBP2A ex- 
pressed in Sf9 cells migrated with an apparent molecular mass 
of ~88 kDa, similar to the size observed in transfected COS 
cells (the lower molecular mass bands are degradation prod- 
ucts). Phosphorylation of ArgBP2 on tyrosine residues in cells 
coinfected with Arg or v-Abl baculoviruses, but not in cells 
infected with the ArgBP2 baculovirus alone, was readily de- 
tected in the anti-phospho tyrosine immunoblot (Pig. 3B, right). 
As expected for this covalent modification, a slight reduction in 
the SDS-PAGE mobility of phosphorylated ArgBP2A was de- 
tected in both anti-ArgBP2 and anti-Tyr(P) immunoblots. 
ArgIB and v-Abl are detected in the anti-Tyr<P) immunoblot 
owing to their in vivo phosphotyrosine content (Arg, like c-Abl, 
is phosphorylated on tyrosine residues when expressed at high 
levels in Sf9 cells). 

Endogenous ArgBP2 Is Phosphorylated on Tyrosine Residues 
in v-Abl-transformed Cells — Based upon the observation that 
v-Abl associates with and phosphorylates ArgBP2 in infected 
Sf9 cells, we reasoned that if ArgBP2 is a physiological sub- 
strate of c-Abl the endogenous protein should be phosphoryl- 
ated on tyrosine residues in cells harboring an activated Abl 
oncoprotein. This possibility was examined by analyzing the 
phosphotyrosine content of endogenous ArgBP2 in NIH3T3 
cells transformed by the v-Abl oncoprotein. ArgBP2 in native 
and v-Abl-transformed NTH3T3 cells was immunoprecipitated 
with anti-ArgBP2 antiserum and immunoblotted with either 
anti-ArgBP2 or anti-Tyr(P) antibodies. As shown in Fig. 4 (left), 
ArgBP2 was readily detected in the anti-ArgBP2 immunoblot, 
and migrated with an apparent molecular weight similar to 
that of the transfected human protein. When immunoblotted 
with anti-Tyr(P) antibody, ArgBP2 was consistently detected in 
the v-Abl-transformed cells, but not the control untransfected 
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NIH3T3 cells (Fig. 4, right), indicating that it is phosphorylated 
on tyrosine residues in v-Abl-transformed cells. Tyrosine phos- 
phorylation of ArgBP2 was not detected when nonimmunopre- 
cipitated lysates were analyzed with anti-Tyr(P) antibody (data 
not shown), suggesting either that ArgBP2 is not abundant in 
NIH3T3 cells or that it is not highly tyrosine- phosphorylated. 
Consistent with the former possibility, when nonimmunopre- 
cipitated lysates were immunoblotted with anti-ArgBP2 anti- 
body, the ~88-kDa ArgBP2 band was not intense (data not 
shown). In addition to the expected 88-kDa protein product, a 
second band of —40 kDa was also detected in immuoblots of 
NIH3T3 cells. In view of the numerous ArgBP2 transcript 
species identified in the RNA blot (see below), it is possible that 
this band represents an ArgBP2 isoform. However, because the 
antibody used in these experiments was raised against an SH3 
domain, we cannot exclude the possibility that the 40-kDa band 
represents a cross-reacting protein). 




ArgBP2 ArgBP2 




Fjg. 5. Tissue distribution of ArgBP2. Filters containing poly(A) 4 
RNA prepared from various human tissues were hybridized with a 
radiolabeled ArgBP2 (top) or 0-actin probe (bottom). The positions of 
size markers are shown to the right. A segment of the ArgBP2A cDNA 
(nucleotides 2016-3045) was used as the probe. 



ArgBP2 Is Widely Expressed in Human Tissues and Ex- 
tremely Abundant in Heart — To gain insight into the biological 
functions of ArgBP2, its expression pattern in human tissues 
was examined by Northern blot analysis. As shown in Fig. 5, 
ArgBP2 transcripts were detected in each of 16 polyCA)* RNA 
samples prepared from human tissues, with the exception of 
peripheral leukocytes. ArgBP2 transcript was extremely abun- 
dant in heart, in which it was expressed at levels —50 -200-fold 
higher than other tissues. Several size classes of transcripts 
were observed, consistent with the isolation of more than one 
class of ArgBP2 cDNAs. A 4.4-kb transcript was detected in 
most tissues, with the exception of heart, brain, kidney, and 
spleen. In addition, transcripts of 5 kb (small intestine, heart, 
pancreas, and thymus) and 5.8 kb (colon, heart, spleen, pros- 
tate, testis, and ovary) were observed. A distinct transcript of 
6.6 kb was detected in brain. (The sizes of the heart ArgBP2 
transcripts were determined using reduced exposure times). 

ArgBP2 Is Localized in the Z- disks of Cardiac Myocytes — The 
subcellular localization of ArgBP2 was examined to gain in- 
sight into its possible physiological functions. Since the RNA 
blot analysis indicated that ArgBP2 transcript is extremely 
abundant in heart, we first analyzed subcellular localization in 
cardiac muscle cells. Primary cardiac myocytes obtained from 
7-day-old chicken embryos were grown on coverslips, and the 
subcellular localization of endogenous ArgBP2 was analyzed by 
indirect immunofluorescence using anti-ArgBP2 polyclonal an- 
tibody. As shown in Pig. 6 (right panel), ArgBP2 was readily 
detected in cardiocytes. The periodic staining pattern is char- 
acteristic of localization to the Z-disks of cardiac myofibrils. In 
contrast, when pre immune serum was used, almost no staining 
waB detected (left panel). This staining pattern indicates that 
ArgBP2 has a specialized function associated with the contract- 
ile apparatus of cardiac muscle cells. 

ArgBP2 Is Localized in Stress Fibers and the Nucleus in PtK2 
Cells — While most abundant in heart, ArgBP2 transcript was 
also detected in a wide range of other human tissues. Based 
upon the localization of ArgBP2 in cardiocyte Z-disks, and the 
similarity of its SH3 domains to those found in proteins asso- 
ciated with the cytoskeleton, we reasoned that its nonmuscle 
function might be related to actin cytoskeletal structures, such 
as stress fibers. To examine ArgBP2 subcellular localization in 
nonmuscle cells, immunostaining experiments were therefore 



FlG. 6. Subcellular localization of 
ArgBP2 in primary chicken cardio- 
myocytes, Cardiomyocytes from 7-day- 
old chicken embryos were grown on glass 
coverslips and analyzed by indirect im- 
munofluorescence using anti-ArgBP2 
(right) or preimmune (left) sera. 
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Fig. 7. Subcellular localization of ArgBP2 in PtK2 kidney ep- 
ithelial cells. Left column, indirect immunofluorescence using preim- 
mune serum (A), anti-ArgBP2 serum (J5-D), or anti-Myc antibody (E); 
middle column, actin stained by rbod amine- conjugated phaHojdin; 
right column, superimposed images of anti-ArgBP2 and actin sLaining. 
A and B, untransfocted PtK2 cells; C, PtK2 cells transfected with 
CB6'-ArgBP2A; D, PtK2 cells transfected with CB6 4 -ArgBP2B; E, 
PTK2 cells transfected with pJ3M-Myc-ArgBP2A. Cells were imaged by 
con focal microscopy. 

performed using PtK2, a marsupial kidney epithelial cell line 
that is widely used for analysis of the actin cytoskeleton be- 
cause it has prominent stress fibers. We first examined the 
localization of the endogenous protein. Pig. 7 shows PtK2 cells 
stained with either preimmune serum or anti-ArgBP2 serum 
(panels A and B, respectively). A filamentous staining pattern 
characteristic of stress fibers was observed using anti-ArgBP2 
antibody. In contrast, only modest nonspecific staining was 
observed when preimmune serum was used. To further inves- 
tigate whether ArgBP2 is localized in stress fibers, these struc- 
tures were revealed in the same cells by staining actin with 
rhodamine-conjugated phalloidin. Comparison of panels B and 
B' shows that anti-ArgBP2 antibody staining colocalized with 
phalloidin staining (£* shows the superimposed anti-ArgBP2 
and actin images). 

To confirm the localization of ArgBP2 in stress fibers, immu- 
nostaining experiments were performed using transfected 
PtK2 cells and anti-ArgBP2 antibody. Panel C shows the stain- 
ing pattern observed in cells transfected with the ArgBP2A 



expression vector, CB6 + -ArgBP2A. As expected, the staining 
pattern was similar to that observed for the endogenous pro- 
tein, except that enhanced staining of stress fibers was ob- 
served in association with the higher protein expression levels 
achieved in transfected cells. The enhanced level of detection 
revealed a bead-like pattern of ArgBP2A staining in stress 
fibers. The periodic beaded structures, termed dense bodies, 
are the structures at which actin filaments are anchored and 
are thought to be the equivalents of the Z-disks of sarcomeres 
in striated muscle (45). The specificity of the staining pattern 
observed with anti-ArgBP2 antibody was confirmed by analyz- 
ing PtK2 cells transfected with pJ3M-Myc-ArgBP2A, a Myc 
epitope- tagged ArgBP2A expression vector. Panel E shows that 
the immunostaining pattern observed with anti-Myc mono- 
clonal antibody was similar to the pattern observed in trans- 
fected and untransfected PtK2 cells using anti-ArgBP2 
antibody. 

To determine whether the differences in the ArgBP2B coding 
sequence compared with ArgBP2A influenced its subcellular 
localization, we analyzed PtK2 cells transfected with the 
ArgBP2B expression vector, CB6 * -ArgBP2B . As shown in 
panel D, ArgBP2B was detected in stress fibers at levels that 
were similar to those of the transfected ArgBP2A protein. How- 
ever, in contrast to ArgBP2A, the ArgBP2B i so form was also 
localized in the nucleus. Thus, in nonmuscle cells, the localiza- 
tion of ArgBP2 in stress fibers and the nucleus is similar to the 
intracellular distribution reported for c-Abl (3, 14). 

DISCUSSION 

To identify components of the signal transduction pathways 
in which Abl family kinases function, we used the yeast two- 
hybrid screen with a bait consisting of a segment of the Arg 
COOH-terminal domain that harbors three SH3 binding sites. 
Using this approach we isolated ArgBP2, an SH3-containing 
protein that associates with Abl family kinases. ArgBP2 has 
several recognizable structural motifs, including three SH3 
domains, a serine/threonine-rich region, five peptide sequences 
that conform to the proposed target for the Abl kinase domain, 
and several proline-rich sequences. ArgBP2 is widely distrib- 
uted in tissues, and extremely abundant in heart. We demon- 
strate that in nonmuscle cells the protein is localized in stress 
fibers, whereas in cardiac cells ArgBP2 is localized exclusively 
in the Z-disks of sarcomeres. In addition, in nonmuscle cells an 
ArgBP2 isoform is localized in the nucleus, as well as in stress 
fibers. The structure and intracellular distribution of ArgBP2, 
and its association with Abl family kinases, have important 
implications for its function in signaling cascades that influ- 
ence the cytoskeleton, as well as for the function of Z-disks in 
cardiac sarcomeres. 

ArgBP2 and Abl Family Kinases — The localization of c-Abl 
and Abl oncoproteins to stress fibers and the presence in the 
Abl COOH-terminal domain of an F-actdn binding site indicate 
that the kinase plays a role in signaling to the actin cytoskel- 
eton. However, understanding the function of c-Abl in stress 
fibers has been limited by the absence of known Abl-interacting 
proteins located in this intracellular location. The present 
study suggests that ArgBP2 represents a potential direct link 
between Abl family kinases and stress fibers. This conclusion is 
supported by several observations. 1) ArgBP2, like cytoplasmic 
c-Abl, is localized in stress fibers; 2) ArgBP2 directly associates 
with Arg and v-Abl in living cells; 3) ArgBP2 is a substrate for 
Abl family kinases, consistent with the observation that it has 
several sequences that conform to the suggested peptide target 
for the Abl kinase; 4) endogenous ArgBP2 is phosphorylated on 
tyrosine residues in N1H3T3 cells transformed by v-Abl, a 
dysregulated Abl oncoprotein; and 5) the mechanism of ArgBP2 
binding with Abl family kinases is specific (the first and third 
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ArgBP2 SH3 domains interact with the second of three proline- 
rich motifs located in the Arg and c-Abl COOH-terminal do- 
mains). Together these findings suggest that ArgBP2 is a po- 
tential physiological cytoskeletal target for Abl family kinases. 

While several reports have suggested potential links be- 
tween c-Abl and Abl oncoproteins with proteins associated with 
cytoskeleton signaling cascades, such as the SH3-containing 
proteins p!3(f as (17) and Hefl (26), none of the reported pro- 
teins appear to be good candidates for mediating the action of 
c-Abl in stress fibers. For example, while plSO*** contains 12 
predicted phosphorylation sites for the c-Abl kinase (42), is an 
in vitro substrate of Abl, and is phosphorylated on tyrosine in 
cells transformed by v-Crk, an adapter protein that associates 
with c-Abl and Arg (23-25), a direct association between 
plZOfa* an d Ab] family kinases has not been demonstrated. In 
addition, pl30"" has not been reported to be phosphorylated in 
Abl oncoprotein-transformed cells and tyrosine phosphoryla- 
tion of plSO"" is not reduced in c-Abl-deficient cells (46). In the 
case of the plSO^-related protein, Hefl, a direct association 
has been established (26). However, Hefl is located in adhesion 
plaques, but not in stress fibers. Other cytoskeletal proteins 
that have been reported to be phosphorylated in Abl oncopro- 
tein-transformed cells, such as FAK, paxillin, vinculin, tensin, 
and talin, are components of focal adhesions. 

ArgBP2 and theActin Cytoskeleton — The broad tissue distri- 
bution of ArgBP2, and its localization in nonmuscle cells in 
stress fibers, suggests that it may play a role in signals that 
regulate the actin cytoskeleton in many cell types. Accumulat- 
ing evidence indicates that small GTP-binding proteins of the 
Rho family and the GTPase- activating proteins and nucleotide 
exchange factors that influence their activities are important 
regulators of the actin cytoskeleton (47). In addition to small 
GTP-binding proteins, protein kinases such as FAK and Pak, 
and lipid kinases such as phosphoinositol 3-kinase, also play 
important roles in cytoskeletal modeling (48). While progress 
has been made in understanding the upstream components of 
signaling cascades that influence the actin cytoskeleton in 
mammalian cells, little is known about the distal cytoskeletal 
associations of these cascades outside of the components of 
focal adhesions. ArgBP2 is a good candidate for such a target. 
The absence in ArgBP2 of kinase, Dbl homology, or GTPase- 
activating protein homology domains that are found in the 
latter signaling proteins, indicates that it is not an upstream 
component of signaling cascades. Instead, the presence in 
ArgBP2 of at least three protein interaction motifs suggests 
that it has complex protein interactions, and supports the idea 
that it is likely to link upstream signaling components to the 
actin cytoskeleton. This idea is also supported by the associa- 
tion of ArgBP2 with Arg and v-Abl. In addition, the presence in 
ArgBP2 of a prominent serine/threonine -rich region raises the 
possibility that it may also be a target of serine/threonine 
kinases. Consistent with this possibility, we have found the 
protein is heavily phosphorylated on serine residues in vivo. 2 
Together these observations suggest that ArgBP2 may function 
as an adapter protein to assemble signaling complexes in stress 
fibers, and that it is likely to associate with signaling proteins 
in addition to Abl family kinases. Additional studies are in 
progress to define the proteins that interact with ArgBP2. 

ArgBP2 and the Z-disks of Cardiac Muscle Cells — The strik- 
ing abundance of ArgBP2 transcript in heart, but not skeletal 
muscle, indicates that it has a specialized function in cardiac 
muscle. The localization of ArgBP2 to the Z-disks of cardiac 
sarcomeres further indicates that this specialized function in- 
volves this structure. The Z-disk, which is a feature of striated 
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muscle, is a filamentous lattice that defines the ends of the 
muscle sarcomere, and is important in the transmission of 
forces between sarcomeres. Z-filaments, the extensions of actin 
filaments, are anchored at the Z-disk, where they are held in an 
ordered lattice arrangement by other proteins. The actin-cross- 
linking protein a-actinin is a principal structural component of 
the Z-disk that is thought to play an important role in anchor- 
ing Z-filaments (49, 50). Other components of the Z-disk of 
striated muscle include the giant muscle proteins nebulin and 
titan, whose ends are anchored in the Z-disk (51), the actin- 
capping protein Cap-Z (52), and the actin-cross-linking protein 
filamin (53, 54). 

ArgBP2 thus joins a small group of proteins that are known 
to be located at Z-disks. However, with the exception of a 
nebulin isoform that is restricted in expression to cardiac Z- 
disks (55), ArgBP2 is the only known Z-disk- associated protein 
whose expression pattern indicates a special role in cardiac 
muscle, as opposed to both types of mammalian striated mus- 
cle. In addition, ArgBP2 is the first known component of Z- 
diskB that associates with signal transduction cascades. Nebu- 
lin and titan are fibrous proteins that have important roles in 
maintaining the overall architecture of the sarcomere (51), and 
o-actinin, Cap-Z, and filamin are actm-binding proteins that 
have structural functions associated with this filament. In con- 
trast, ArgBP2 has neither a conserved actin binding domain, 
nor highly repetitive motifs, and is therefore unlikely to have 
either a structural or architectural role. Instead, its multiple 
SH3 domains and association with Abl family kinases support 
the idea that the primary role of ArgBP2 involves signaling 
cascades. The localization of ArgBP2 to Z-disks thus has in- 
triguing implications. It suggests that the Z-disk is a site of 
biochemical signaling to the sarcomere and that ArgBP2 might 
function to mediate biochemical signals that could influence 
the contractile and/or elastic forces in cardiac muscle. In view 
of these considerations, it is worth noting that in cardiac mus- 
cle the tubular invaginations of the sarcolemma that comprise 
the T system are located at the level of the Z-disk (as opposed 
to the A-I junction as in mammalian skeletal muscle). Since 
these tubules are inward extensions of the extracellular space 
at which excitation is coupled to contraction, it suggests the 
possibility that ArgBP2 might have a role in signals that arise 
from the extracellular space. 

Nuclear ArgBP2 — The localization of an ArgBP2 isoform in 
the nucleus indicates that the function of ArgBP2 is complex 
and extends beyond linking upstream cytoplasmic signaling 
proteins to the actin cytoskeleton. One possibility is that nu- 
clear ArgBP2B might function in a reverse fashion compared 
with ArgBP2A, by linking signals that arise in the actin cy- 
toskeleton to nuclear events, such as alterations in gene tran- 
scription and cell proliferation. Alternatively, nuclear ArgBP2 
might participate in F- actin associated mitotic events, such as 
the formation of cleavage furrows. In view of the nuclear local- 
ization of ArgBP2B, it is interesting to note c-Abl is also par- 
tially localized in the nucleus (3). Thus the intracellular distri- 
bution of ArgBP2 parallels that of c-Abl. Since the first of the 
two remaining SH3 domains in ArgBP2B can bind to c-Abl, it is 
possible that nuclear ArgBP2 is a substrate of nuclear c-Abl. 

The structure of ArgBP2B differs from that of ArgBP2A in 
that a 28-amino acid segment located in the midportion of the 
latter protein is replaced by a 53-amino acid 2B-specific se- 
quence, and that the third SH3 domain of the 2A isoform is 
absent in ArgBP2B. How these structural differences influence 
the nuclear distribution of the protein is not clear. While a 
potential nuclear localization sequence (RKRRK) is present in 
ArgBP2, it is located in a region that is common to both iso- 
forms, suggesting that either another nuclear localization se- 
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quence is present in the ArgBP2B-specific amino acids, or 
possibly that the distinct 2A or 2B sequences somehow modify 
the function of the common nuclear localization sequence. In 
addition to extending the intracellular distribution of the pro- 
tein to the nucleus, these differences may influence the spec- 
trum of proteins with which both the nuclear and cytoplasmic 
isoforms associate. Protein interactions mediated exclusively 
by the third SH3 domain of ArgBP2A would be lost, and the 
2B-specific sequences might mediate distinct associations. The 
latter possibility is suggested by the presence in the 2B-specific 
sequence of proline-rich peptides that could function as SH3 
binding sites. 
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Note Added in Proof- We have become aware of a protein that shares 
the structural architecture of ArgBP2. SH3P12, a murine protein iso- 
lated in a funct ional screen using 55 H3 ligands (Sparks, A. B., Hoffman, 
N. G., McConneU, S. J., Fowlker, D. M. and Kay, B. K. (1996) Nature 
Biotech. 14, 741-744), is 45% identical to ArgBP2 overall. The SH3 
domains of ArgBP2 are 76%, 69%, and 80% identical to those of 
SII3P12. Sh3Pl2 may therefore represent either the murine homologue 
of ArgBP2 or a related protein. 
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